Abstract: During June to October 2000 and 2001 we measured the height, Diameter at Breast Height (DBH) and stand density of Betula ermanii trees at Mt. Mae-Shirane, Japan and the ozone concentration there to explore the relationship between ozone concentration and the decline of B. ermanii trees on the mountain. Height, DBH and stem volume were lower on the southeast-facing slope than on the northwest-facing slope. Stand density on the southeast-facing slope was 1/8 that on the northwest-facing slope. Serious forest decline was observed on the southeast-facing slope. The ozone concentration was higher on the southeast-facing slope than on the northwest-facing slope during the period of measurement. Experimental exposure of B. ermanii to ozone showed that at the concentration levels observed at Mt. Mae-shirane this pollutant significantly damages the growth of B. ermanii. It is concluded that ozone is one factor that damages the growth of B. ermanii at Mt. Mae-Shirane.
INTRODUCTION
Forest decline is an important environmental problem around the world. Among many factors for the cause of damage to trees, ozone is a common, phytotoxic air pollutant that has become an increasingly significant factor in the decline of forest. Ozone damage to forests has been reported worldwide, including in forests in eastern and western Europe [1] and throughout the USA [2] . In Japan, forest decline has been observed in several areas, including a decrease in number of Japanese fir (Abies firma) in Fukuoka Prefecture and of Japanese fir and Siebold's beech (Fagus crenata) on Mt. Tanzawa, Kanagawa Prefecture, Photochemical oxidants (especially ozone), acid fog and water stress are considered to be related to these declines [3, 4] . Serious damage and decline to Betula ermanii forests, Abies veitchii forests and Abies mariesii forests have been reported at Oku-Nikko region, a famous national park in Japan. In spring of 1983 simultaneous death of B. ermanii was observed at Mt. Mae-shirane [5] and over 100 ppb concentrations of ozone have been recorded there in August 1995 [6] . However, no detailed investigations of the growth and decline of B. ermanii and long period (one growing season) measurement of ozone concentration have been conducted. The objective of the present study were to determine the current growth and decline of B. ermanii forest and ozone concentration and to explore the relationship between ozone concentration and B. ermanii forest decline.
MATERIALS AND METHODS
Study Site: The investigation was conducted from June to October 2000 and 2001 at Mt. Mae-shirane, (lat. 36°47' N, long. 139°23' E, 2320 m above sea level), in the Oku-Nikko region, Japan. The soil type is wet podzol. The average annual precipitation is 1722 mm [7] and the average daily temperature in the growing season (May to September) ranged from 0.4 to 18.5°C. Field survey of Betula ermanii: To evaluate the growth situation of B. ermanii, 3 sampling sites (20X20 m) were established, one on the northwest-facing (NW)-facing slope and two on the southeast-facing (SE)-facing slope near the top of Mt. Mae-Shirane. Each tree at each site was sampled in July 2000 and 2001. In this study, we only showed the results of the investigation in July 2001, because the significant difference was not recognized in the results between investigations in July 2000 and 2001. Height was measured with an altimeter (271-3571, Showa Sokki Co., Japan) and Diameter at Breast Height (DBH) was measured at 1.3 m above the soil surface. The volume of the main stem was calculated from the following formula for a paraboloid [8] :
Where, Y 3 is the paraboloid volume, A b is the basal area ( r 2 ), r=DBH/2 and h is height. Stand density was determined by counting the trees and dividing the total number by the area of the sampling site (400 m 2 ) and then converted into trees per ha.
The level of tree decline was assessed as follows from the density of leaves and branches [9] : Level 0: Tree grows well with good balance between densities of leaves and branches (Fig. 1 ). Level 1: Leaves are slightly decreased in number and density compared with branches (Fig. 2 ). Level 2: Leaves are remarkably decreased in number, because of increased withering of branches (Fig. 3 ). Level 3: Tree has died (Fig. 4) . ozone is uptake rate (35.5 ppb min ng -1 ). Ten samplers were set at each sampling site and collected every 2 weeks from June to October 2001. The nitrate concentration was analyzed by ion chromatography (4500i, Dionex Co, USA) at the laboratory and then converted into NO 3 mass (W NO3 ). The ozone concentration was also recorded continuously at the Oku-Nikko field station of the National Institute for Environmental Studies (the NIES station (lat. 36°46' N, long. 139°24' E), which is located 1450 above sea level and 3.5 km southeast of the investigation site. The concentration was recorded with a UV-photometric continuous ozone monitor (1006-AHJ, Ogasawara Co, Japan).
Statistical Analyses: All statistical analyses were performed with SPSS software [12] . Height, DBH, stem volume of B. ermanii and ozone concentration were compared between the NW-facing and SE-facing slopes by t-test.
RESULTS AND DISCUSSION

Growth of Betula ermanii:
A general description of the sampling plots is presented in Table 1 . On the NW-facing slope, DBH ranged from 0 to 14 cm; DBH class 4-6 cm had the largest number of trees. On the SE-facing slope, DBH ranged from 0 to 10 cm; DBH class 2-4 cm had the largest number of trees (Fig. 5) . The mean DBH of trees on the SE-facing slope was significantly smaller than that on the NW-facing slope (p<0.05). The mean height and stem volume were lower on the SE-facing slope than on the NW-facing slope, but the differences were not significant. The stand density on the NW-facing slope was 8 times that on the SE-facing slope. On the SE-facing slope, tree decline Level 0 was not observed and Level 1 accounted for about 45%. On the NW-facing slope, Level 0 accounted for about 71% and Level 1 for about 5% (Table 2 ). These results indicate that the SE-facing slope had a worse growth situation and serious forest decline.
Ozone Concentration: Passive samplers were used in this study area where electrical power is inaccessible. The specificity and linearity of response of passive samplers were evaluated. Results obtained by passive samplers were compared with the corresponding data from a co-located UV-photometric continuous ozone monitor (1006-AHJ, Ogasawara Co, Japan) at National Institute for Environmental Studies. The adjusted r 2 value was 0.98 with the p value being 0.0001. Through statistical analysis, we concluded that any differences in the results between passive sampling and continuous monitoring were solely due to their experimental error (Fig. 6 ) The mean ozone concentrations from July through October 2001 were 36 ppb on the SE-facing slope and 32 ppb on the NW-facing slope. At the NIES station during the same period, the mean ozone concentration reached 26 ppb, significantly smaller (p<0.05) than at the 2 study sites (Fig. 7) . This significantly higher at the 2 study sites can be explained by the direct transport from Tokyo metropolitan area to the mountain of an aged air mass containing highly polluted air within the upper layer [6] . The aged air mass containing highly polluted air transported by the see breeze from Tokyo collided with SE-facing slope first, then it is spread to some extent and arrived at the NW-facing slope. Therefore, it was considered as a major factor causing the slightly higher ozone concentration on the SE-facing slope. The result was similar to the findings of another investigation at Mt. Tanzawa, Kanagawa Prefecture [13] . The uptake of ozone by leaves in forest is widely knew, the amount of uptake may vary with species, tree size and soil moisture [14, 15] . The amounts of ozone uptake by leaves in forest were reduced by low soil moisture and tree size [15, 16] . In this study, the soil water content on the SE-facing slope ranged from 20 to 25% and was lower than on the NW-facing slope (25-30%) during one growing season from July to October [17, 18] . The tree size on the SE-facing slope was significantly smaller than that on the NW-facing slope (p<0.05) as mention above. Therefore, it was considered that the slightly higher ozone concentration on the SE-facing slope is also related to difference in the amounts of ozone uptake by plant. The seasonal changes in ozone concentration were similar at all 3 sites (SE-facing slope, NW-facing slope and the NIES station); the concentration was highest in June, decreased gradually in July and August and then increased again in September and October. The seasonal change at Mt. Mae-Shirane was similar to the typical ozone change pattern at background levels in mid-latitude regions, so we considered the behavior of ozone in the stratosphere to be participative. This result was similar to the findings of another investigation at Nikko area [19] . The average ozone concentration during the period from 30 July to 6 August 2001 at the NIES station was 27 ppb, but a maximum instantaneous concentration of >100 ppb was recorded (Fig. 8) . The highest daily ozone concentration was recorded mostly after 17:00, while the wind brew from the southeast, the direction of the Tokyo metropolitan area. Hatakeyama [6] analyzed the flux of pollutants from Tokyo to Mt. Akagi, which is about 30 km distant from Mt. Mae-Shirane. They recorded the highest ozone concentration at 18:00, at the same time as a highly polluted air mass from Tokyo arrived at the mountain. We believe that pollutants produced in Tokyo and transported to Mt. Mae-Shirane caused the high ozone concentration there. In August 1995, ozone concentrations of >100 ppb were measured on the SE-facing slope [6] . In this study, the average ozone concentration during the period from 30 July to 6 August 2001 at the NIES station was 27 ppb, but a maximum instantaneous concentration of >100 ppb was recorded. The mean ozone concentration during this study period was ranked as SE-facing slope>NW-facing slope>NIES station. Therefore, we assumed that an instantaneous concentration of >100 ppb could have occurred on the SE-facing fcing slope. Many studies indicate that ozone influences the growth, physiological functions (such as gas exchange rates and enzyme systems) and phenological characteristics of forest tree species native to Europe, North America and Japan [20] [21] [22] [23] . To explain the relationship between ambient levels of ozone at Mt. Mae-Shirane and the growth situation of B. ermanii, we conducted an ozone exposure experiment at the NIES phytotron from June to October 2001 [17] . The B. ermanii seedlings (2 years old) were exposed to 50 ppb daily average concentration (Max: 100 ppb; Min: 20 ppb) at 20±1 o C, 75±5% R.H. The results showed that the dry weight growth of each organ and of the whole plant were significantly reduced, because of decreases in net photosynthetic rate, evapotranspiration rate and stomatal conductance. This result shows that ambient levels of ozone at Mt. Mae-Shirane can damage B. ermanii growth. We found serious forest decline on the SE-facing slope, although same levels of ozone were observed at both sites. It is generally accepted that forest decline is not related to 1 single factor, but to a mixture of stress factors, which can intensify each other [21, 24] . Therefore, besides ozone stress, other stresses such as soil acidification, nutrient deficiency and soil moisture could affect the We found that soil pH on the SE-facing slope was significantly higher than that on the NW-facing slope and no deficiency of mineral nutrient (K, Ca and Mg) or accumulation of Mn and Al in the soil or leaves of trees growing on the SE-facing slope [17, 18] . Therefore, the decline of B. ermanii growing on the SE-facing slope of Mt. Mae-Shirane cannot be explained by soil acidification or mineral nutrient deficiency (K, Ca, Mg) in soil and leaves. Nitrogen is an essential element for a plant and has a close relation to the photosynthesis capacity. Hikosaka et al. [25] reported that maximum photosynthesis rate shows the high correlation with nitrogen content per unit leaf. On the SE-facing slope, nitrogen content in the leaves per this year shoot was significantly smaller than that on the NW-facing slope (p<0.05) [17, 18] . The low nitrogen content was considered to be concerned in the bad growth of B. ermanii on the SE-facing slope. The nitrogen concentration and ratio of C/N in the surface soil on the SE-facing slope was significantly lower than on the NW-facing slope (p<0.05) [18] . Fallen leaves and branches are the main source of the nitrogen returned to forest soil. The stand density on the SE-facing slope and amounts of leaves were significantly lower compared with the NW-facing slope, therefore amounts of fallen leaves and branches returned to the forest soil were no enough, the possibility that nitrogen will be lack on the SE-facing slope in the future was considered. The forest floor on the SE-facing slope is covered with an annual herbaceous plant to the forest floor on the NW-facing slope being covered with bryophyte. Therefore, it is guessed that compared with NW-facing slope, the soil on the SE-facing slope tends to difficultly absorb the moisture by rain, the evapotranspiration from the forest floor is large and the water holding capacity is low. The soil water content on the SE-facing slope ranged from 20 to 25% and was significantly lower than on the NW-facing slope (25-30%) during one growing season from July to October [17, 18] . Houston [26] suggested that pest infestations or fungal attacks following drought periods cause an overall deterioration of forest health. On the basis of these results, forest decline on the SE-facing slope cannot be explained by the soil acidification and mineral nutrient deficiency. On the other hand, the nitrogen deficiency in the leaves, water stress according to decline in the soil water content and exposure of relative high ozone concentration were considered as environmental factors causing the different growth situations of B. ermanii between the SE-facing and NW-facing slopes and causing the forest decline on the SE-facing slope. To clarify the B. ermanii forest decline in the Oku-Nikko region, continuous measurement of ozone concentration and other environmental factors and long-term field research on tree growth and decline will be necessary.
CONCLUSIONS
In this study, we measured the height, diameter at breast height and stand density of Betula ermanii trees and ozone concentration at Mt. Mae-Shirane. The current status of growth of Betula ermanii and long period ozone concentration were clarified for the first time and the relationship between ozone concentration and decline of B. ermanii trees on the mountain is discussed. The following conclusions are drawn:
* Height, DBH, stem volume and stand density were lower on the SE-facing slope than on the NW-facing slope, serious forest decline was observed on the SE-facing slope. * The mean ozone concentrations from July through October 2001 were 36 ppb on the SE-facing slope, 32 ppb on the NW-facing slope and 26 ppb at the NIES station, the changes in ozone concentrations were similar at all 3 sites. * The ambient levels of ozone at Mt. Mae-Shirane can damage the growth of B. ermanii. Ozone is considered to relate to decline of B. ermanii forest at Mt. Mae-Shirane.
